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fore, these copolymers are also limited in their applications. With respect to the characteristics of these 
copolymers, reference may be mode to Roger Epton, "Chromatography of Synthetic and Biological Polymers; 
vol. 1 Column Packings, GPC, GF and Gradient Elutlon" page 91 v Ellis Norwood Ltd., New York, 1978. 
As a further example of known gel permeation chromatography packing materials having ion exchange 
5 groups, there may be mentioned cation exchangers comprising a copolymer of styrene and divinylbenzene. It 
is noted that the copolymer is hydrophobic due to the absence of hydrophilic groups, such as hydroxy! groups. 
With respect to the copolymer, reference may be mode to K. Dormer, °lon Exchangers Properties and Appli- 
cations'', pp. 15-40. Ann. Arbor Science Publishers. Inc., Michigan. USA, 1972. Although the copolymer is excel- 
lent in mechanical strength and resistance to chemicals the use of the copolymer for nigh-speed 

10 chromatography of bio-substances is also limited since it disadvantageous^ tends to cause the above-men- 
tioned non-specific adsorption of bio-substances. 

As a still further example of known gel permeation chromatography packing materials having ion exchange 
groups, there may be mentioned an ion exchanger comprising sOica gel and bonded thereto, ion exchange 
groups. This inorganic ion exchanger is disclosed in Japanese Patent Application Laid-Open Specification No. 

15 55-66756/1980. Although this inorganic ion exchanger is excellent in mechanical strength, the use of the ma- 
terial for high-speed chromatography of bio-substances is very limited since its chemical stability, especially 
alkali resistance, is very low. 

Therefore, there is still a strong demand in the art for a more useful ion exchanger that can be effectively 
utflized for high-speed chromatography of bio-substances. 

20 We have made intensive studies on the effect of polymer configuration, polymer components, functional 
groups and other factors on the performance of the resulting ion exchanger. As a result it has unexpectedly 
been found that a totally porous organic synthetic crosslinked copolymer exhibiting a specific water regain value 
and a predetermined specific surface area and containing, in specific contents, hydnoxyl groups and ion 
exchange groups gives an excellent ion exchanger which can be advantageously utilised for high-speed liquid 

25 chromatography of bio-substances. Based on this novel finding, we have completed this invention. 

It is, therefore, an object of the present invention to provide a novel ion exchanger which is excellent in 
mechanical strength and resistance to chemicals and permits effective separation, by ion exchange, of bio- 
substances inclusive of low molecular electrolytes and proteins, thereby being advantageously utilized as a 
liquid chromatography packing material useful for separation of bio-substances, especially those which are pre- 

30 sent in an aqueous medium. The foregoing and other objects, features and advantages of the present invention 
will be apparent to those skilled in the art from the following detailed description and appended claims. 

According to the present invention, there is provided an ion exchanger suitable for use as packing material 
for high-speed liquid chromatography, which comprises: a totally porous matrix of an organic synthetic cross- 
linked copolymer comprising a skeleton and function groups bonded to said skeleton, said matrix having fine 

35 pores distributed throughout the matrix; said ion exchanger further comprising alcoholic hydroxy! groups and 
ion exchange groups bonded to said matrix; characterized in that the alcoholic hydroxy! groups are bonded 
directly to said skelton; the content of said hydroxyl groups is in the range of 1.0 to 14.0 meq/g of the dry ion 
exchanger; and the content of said ion exchange groups bonded to said matrix is in the range of 0.02 to 5.0 
meq/g of the dry ion exchanger, and wherein said ion exchanger has a water regain value of 0.5 to 4.0 g/g of 

40 the dry Ion exchanger, a specific surface area, as measured by the B.E.T. method, of 5 to 1000 m 2 /g of the 
dry ion exchanger, and a weight average granule size of 3 to 20 urn. 

The ion exchanger of the present invention is totally porous. The terminology "totally porous" as used herein 
means that fine pores are distributed throughout the matrix of the ion exchanger. 

In the ion exchanger of the present invention, alcoholic hydroxyl groups are bonded directly to the skeleton 

45 of a matrix of organic synthetic crosslinked copolymer An example of a matrix having alcoholic hydroxyl groups 
bonded directly to the skeleton thereof is one comprising vinyl alcohol monomer units By the terminology "vinyl 
alcohol monomer units 0 is meant moieties of the formula 



so -CH—CH 2 - 

I 

OK 



In the present invention, it is essential that the content of alcoholic hydroxyl groups of the dry ion exchanger 
55 be in the range of 1.0 to 14.0 meq/g preferably 1 .0 to 11.0 meq/g. The Ion exchange having a hydroxyl group 
content of 1.0 to 14.0 meg/g exhibits hydrophilicity, and prevents hydrophobic adsorption of water-soluble sub- 
stances thereto in an aqueous medium. The hydroxyl group content of 1 .0 to 1 1 .0 meq/g is more preferred from 
the viewpoint of minimizing the above-mentioned hydrophobic adsorption of water-soluble substances while 
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measuring ?he amount T^Tal^ZZlTto^f* 1?° 8 Pyndine solv6nt - 

change of the ion exchanger, and St^mT^ * 9r0UPS W 8 Wei£,ht 
. anhydrideisconsu-e^ 

is 1 meq/g of the Ion exchanger It should be hJ_ exch f an ? er ' ,he of alcoholic hydroxy! groups 

roact vrith acetic anhydrideTJuci ^^etSo^Tk ■'JS* "?* ° f ton eXChange grou P s *» 
ion exchange 9™pco,^nt detent in^ 

acetic anhydride consumed. later described manner from that calculated from the amount of 

such as caLS and phosZl *»" 
and ternary amino groups, strongly - acldfc ^Lr^l. ^ T 9 UPS 8UCh 38 prima '* ••"•"tary 
anion exchange groups such We7ntr^nZ 3^ "? 88 8U,f ° n,C groUps ' and stra "9»V "aslc 
« eilher singly or in combinafion * " 88,1 1,1686 ten «change groups may be used 

group content of 0.02 to 5.0 SSlil^ J" ? eXCha " 9er With a " ion 6xcha nge 
example, ton exchanging orfroZTo^ due t0 *• ton «W for 

» while having a sufficient mechanical Zr^^V ^ " 8queou8 medhjm * ton ^change, 
chromatography. In the SmSC profit ? ^2 2 7^ hi9h - 8P88d ^ 
exchange group content of 0.05 to 2 0 meo/o iZZntZ^fZ T * ^ 6xchan 9 er hav "* a" ten 

be obtained by rt^SK Ta^ Z^ZT ** "T*** T ""its may 
described later. Any kind of tfnvi «™™f V COmpOU " (l monomer and a "osslinkable monomer, as 
exchangerof theZ^len oJ 3^33,^17 66 inC0rP0r8ted in the maWx * - ion 
from a vinyl carboxylate ZTSi SSS^T^^"*"^ 1 ^ 
Plvalate and dMnyTadipaS Z ^TJK Pr ° P ""^ Vinyl valerate - 

monomer unit may be ^Zle ,!^ T" 8 ' ^ any Wnd * ^""teble 
crosslinkable monomer un^TS exZrL^LLS 3 "^ °' Pre86nt inv6ntion - Suitabla 
cyanuratering. suchastriallyl^cZuTSldd^ 6 ^ 8 cross,,ntebte ™«mer having an iso- 

a biazine ring, such as^irSnuSe l ^. n " ra u te - a ^^ a crosslinkable nx.nomerhav.ng 

epichlorohydrinorabteepo^^ « also obtained from 

amerandbutenedioldiglS^^^ 
^matotonyporou/o^y^cZ 

units, that from triaflyl isocyanurate is particulartvomferahUhT,!,; . above-cited crossl.nkable monomer 
withavtoylcartKixylatoi^ 

The Ion excjgerof SUSSEX lt^r^^ a ^^ wfeta >»' 
<X>. it satisfies on ineguality SS£T£ Z^^^l^^^^ "« 
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(X). it satisfies on inequality 0.05^0 4 The 7IZw5 that with respect to a crossing index 
the formula: 06 termmo,0 9y crosslinkmg index" as used herein is defined by 

x „ nb 

55 in which a + nb 
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a represents the molar traction of the total monomer units minus the crosslinkable monomer units re- 
lative to the total monomer units constituting the matrix, 

b represents the molar fraction of the crosslinkable monomer units relative to the total monomer units 
constituting the matrix, and 

n represents the number of functional groups active in chain extension which are contained In a 
molecular of crosslinkable monomer that forms the crosslinkable monomer units upon polymerization. 

In the above definition, the terminology "functional groups active in chain extension" mentioned with res- 
pect to the n means, for example, vinyl groups and epoxy groups. Inthecaseofepihalohydrin, n is exceptionally 
2, since the following reaction occurs therewith: 



T 

o 0 0 

T / \ NaOH \ / \ 
OH-hCHa— CH— CH a CL » CHj—CH— CH 2 +NaCI 



The ion exchanger with a crosslinking index of 0.05 to 0.4 has a sufficient mechanical strength as well as 
hydrophillcity due to non-ionic hydrophilic groups. The hydrophilicity due to non-ionic hydrophilic groups is 
needed to prevent undesirable interactions between the ion exchanger and the substances to be separated. 
When an especially high mechanical strength is needed as in the case of a packing material for high-speed 
liquid chromatography, it is preferred that the cross-linking index be In the range of 0.2 to 0.4. 

To ensure both high separating capacity and high mechanical strength, it is requisite that the water regain 
value (Wr) of the ion exchanger according to the present invention be in an appropriate range. It is noted that 
the known ion exchanger from crosslinked agarose or crosslinked dextran, as mentioned hereinbefore, exhibits 
a high water regain value, and its mechanical strength, especially in the wet state, is very low. This trend is 
especially apparent when the pore size of the ion exchanger is large. The ion exchanger of the present invention 
has generally a water regain value of 0.5 to 4.0 g/g, preferably 0.5 to 3.0 g/g of the dry ion exchanger. The W R 
value is the amount of water that can be contained in the pores of the ion exchanger when the ion exchanger 
is equilibrated with water, per unit weight of the ion exchanger in the dry state. In short the W R value can be 
a criterion indicating the quantity of pores within the ion exchanger. As the W R value is increased, the weight 
of the skeleton-constituting portion of the ion exchanger in water namely, the weight of the ion exchanger per 
se, is relatively decreased. Accordingly, if the W R value is too large, the mechanical strength of the ion 
exchanger is reduced. If the W R value is too small, since the quantity of pores in the ion exchanger is reduced, 
the separating capacity of the Ion exchanger is lowered. Therefore, from the viewpoint of the physical properties 
and separating capacity of the ion exchanger, it is preferable that the W R value be within the above-defined 
range. The W R value can be determined by subjecting an ion exchanger sufficiently equilibrated with distilled 
water to centrifugation to remove the water adhering to the surface of the ion exchanger, measuring the weight 
(W n ) of the ton exchanger, drying the ion exchanger, measuring the weight (WJ of the ion exchanger after drying 
and calculating the W R value according to the following formula: 



The ton exchanger of the present invention comprises a totally porous crosslinked copolymer which is rigid 
so that it has a large specific surface area in the dry state. In general, an organic synthetic polymer comprising 
a crosslinking structure is swollen in a solvent having affinity with the polymer, and shrinks in the dry state. In 
the soft gel, the pores filled with a solvent in the wet state are maintained only by the meshes In the network 
structure formed by cross-l inking. Hence, in the case of the soft gel, the above-mentioned shrinkage is grave. 
The soft gel has a desfcred pore size when swollen in a solvent, but in the dry state, the soft gel shrinks so that 
the pores substantially disappear. When the pores substantially disappear, the specific surface area of the 
polymer comes to represent only the outer port of the polymer, which is usually less than 1 rr^/g. On the other 
hand, in the case of a totally porous crosslinked copolymer having a rigid structure, the pore size does not sub- 
stantially vary whether the copolymer is in the swollen state or in the dry state. Its pores are so called permanent 
pores. The ion exchanger of the present invention generally has a specific surface area of 5 to 1000 nvVg in 
the dry state. An ion exchanger having a specific surface area larger than 1000 nvVg is disadvantageous in 
that its mechanical strength becomes poor. On the other hond, on ion exchanger having a specific surface area 
smaller than 5 m 2 /g has a substantially uniform structure in which there are no significant amount of pores. 
Hence, such an ion exchanger cannot be suitably employed as a packing material for high-speed liquid 
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wherein R 1p R 2 and R3 each independently represent CH 2 =CH^CrV-, CH=0-CrV- < 



AO 



CH, 

I 



and any one of R 1( R 2 and R 3 may be a hydrogen atom 

45 J* ^ 8b .T m0n0mers ' tria,, y | ^anurate having a structure in which ail of the R R and p 

of the above left-side formula are — CB^-CH=ch i« ™^ 1 ' R2 and Ra 9 rou P s 

55 the ultimate ton exchanger. w w,moui an y Mvere « ^ect on the physical properties of 
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pore size distribution of the copolymer. As suitable organic solvents capable of dissolving such monomers, there 
may be mentioned, for example, aromatic hydrocarbons such as toluene and xylene; aliphatic hydrocarbons 
such as heptane, octane, cydohexane and decalin; aliphatic esters, such as n-butyf acetate, isobutyt acetate, 
n-hexyl acetate and dioctyl adipate; aromatic esters, such as dimethyl phthalate, dioctyt phthaiate and methyl 
5 benzoate; and alcohols such as butanol, heptanol and octanol. When suspension polymerization is effected, 
it may be preferable to use an organic solvent having little solubility in water. Usually, 20 to 300 parts by weight 
of such an organic solvent are added to 1 00 parts by weight of the monomers to be copolymerized. In the pro- 
duction of a copolymer to be used for preparation of an ion exchanger that is useful as a packing material for 
high-speed liquid chromatography which must have a high mechanical strength, it may be more preferable to 
10 add 30 to 1 00 parts by weight of the organic solvent to 1 00 parts by weight of the monomers. 

To control the pore size and pore size distribution of the ultimate ion exchanger and/or to increase the 
flexibility of the ultimate ion echanger, either or both of a linear polymer and rubber which are soluble in the 
monomers may be added to the monomers. Suitably employed linear polymers and rubbers fox the above pur- 
pose are, for example, polyvinyl acetate, polystyrene, chloroprene rubber and butadiene rubber. To 100 parts 
15 by weight of the monomers, 20 or less, preferably 10 or less parts by weight of such a linear polymer and/or 
rubber may be added to the monomers. 

The kind and amount of the polymerization initiator to be employed in the above copolymerizatton reaction 
is not critical. They may be arbitrarily selected according to the copolymerization method employed. In the cus- 
tomary suspension polymerization or bulk polymerization, there may be used generally employable radical 
20 polymerization initiators, for example, azo type initiators such as 2,2'-azobisisobutyronitrile and 2,2'-azobis- 
(2,4-dimethylvaleronitrile), and peroxide type initiators such as benzoyl peroxide and lauroyl peroxide. 

The saponification or ester interchange reaction of the resulting copolymer may be carried out using an 
acid or alkali in a solvent such as water, alcohols, or mixtures thereof. From the viewpoint of obtaining a packing 
material having a sufficient mechanical strength, it is preferred that the degree of saponification, namely the 
25 percentage of ester groups converted to hydroxyl groups relative to the total ester groups, be in the range of 
10 to 80%. The degree of saponification may be controlled by optimizing the kind of solvent, temperature, time 
and other reaction conditions. 

To the thus obtained copolymer having hydroxyl groups, ion exchange groups may be bonded, for example, 
in any of the following manners. 
30 Carboxyl groups may be bonded to the copolymer by reacting a predetermined amount of hydroxyl groups 
of the copolymer with a dibasic acid anhydride such as succinic anhydride and glutaric anhydride, or a haloge- 
nated acetic acid such as monochloro acetic acid and monobromoacetic acid. 

Sulfonic groups may be bonded to the copolymer by reacting a predetermined amount of hydroxyl groups 
of the copolymer with propanesultone, butanesultone, 1,3^,4-dtoxadithiane-2,2,4,4-tetraoxide or the like. 
35 Primary amino groups, secondary amino groups and tertiary amino groups may be bonded to the 
copolymer by reacting a predetermined amount of hydroxyl groups of the copolymer with epichlorohydrin or a 
bisepoxy compound to form pendant epoxy groups and, subsequently, reacting the resulting epoxy groups with 
ammonio, ethylamine, diethylamide or the like. With respect to the incorporation of tertiary amino groups, it 
may alternatively be effected by reacting the hydroxyl groups with N-<2-chloroethy1)-diethylamine in alkali. 
40 An anion exchanger having quaternary ammonium salt groups may be obtained by, for example, reacting 
on ion exchanger having tertiary amino groups with methyl iodide, methyl chloride or the like. 

The amount of Ion exchange groups bonded to the copolymer may be varied by varying the relative 
amounts of reactants and controlling the reaction conditions such as temperature and time. 

The ion exchanger of the present invention may also be produced by the following method. A dhrinyl dicar- 
45 boxylic ester such as dMnyl adipate is polymerized and subjected to saponification in such a solvent as will 
not dissolve polyvinyl alcohol. The resulting polymer, in the above-mentioned solvent, is reacted with a com- 
pound having at least two functional groups which are capable of reacting with a hydroxyl group to form a co- 
valent bond therebetween, such as epichlorohydrin and ethyleneglycol diglycidyt ether, thereby to obtain a 
crosslinked copolymer having vinyl alcohol units in which a hydroxyl group is bonded to a carbon atom of a 
so vinyl monomer unit Then, Ion exchange groups may be Incorporated into the thus obtained crosslinked 
copolymer in the manner as described hereinbefore to obtain on ion exchanger of the present invention. 

The ion exchanger of the present invention is rigid and has on excellent mechanical strength. When the 
ion exchanger of the present invention is used as a packing material for liquid chromatography, an eluent can 
be passed at a high flow rate and, therefore, rapid analysis by liquid chromatography is possible. 
55 Also, the Ion exchanger of the present invention is stable in a wide pH range. Accordingly, the ion exchanger 
of the present invention can be employed, stably without any property change, under such an alkaline condition 
that, for example, a gel comprising a silica gel as its skeleton cannot be applied. 

Further, the ion exchanger of the present invention has a sufficient hydrophilicity since it has a large amount 
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acetate, 45.4 g of ttaiy. JLpJS ^ t?t SlSSTS 'S^^'^of 100 g of vinyl 
sobutyronitrile and 800 ml of rater . . ^ ' 40 9 * decal,n and 3 * 9 <* 2,2--azobisl 

Mofsod.umphosphate.llhT^^^^ 

for 18 hours and at 75-C for 5 ^Z^^!^^^^^^^*^^^ 
copolymer was obtained. The oopoZS IhTZned^ ^Z'^TZ'**™' ,hat 8 9 ™ Ui » 

together with a solution consisting of 2 liters of mEL^iS To * « ranutar was, 

necked flask equipped with a reflux condense TnfrZn „? f! I ^ hydroxk,e - P* a 5-liter three- 
for 20 hour, to saponify 55% of oJttStE^h"? If"* f °"° Wed ° y ^ - 15 ° C 

copolymer was filtered, washed with wateS dried * ** 9n>Up3 - 71,6 resultin «> "ponlf led 

10 ml of a 30% by weight aqueous soluto 2 Sk^llT 2 "f X ' d !' 50 * ^""hydrin and 
allowed to react at 30-C for 20 hour, TheS^ T ,T d " aS,t The mixture was 
jected to suction filtration. The oramT c JZZL £ !! 9 ? 6 ' WM fBtered> washed and sub- 

three-necked flask equipped SSISKSS! JlT f "f? fi,,ra,i0n "" *" chaf9ad in a 1000 ml 
of a 10% by weigh, aque^sTt^ Subsequently 400 m, 

at 60°C for 5 houre while stirring The JZTd! "J? . ^ and 4,16 mixture was allowed to react 
^■ca^therabytoS^ 

and^n^^^ 

Concentration of sample: 0.5% by weight, 
Volume of sample: 100 jil, and 
Column temperature: 30°C 

tention volume" In the art. Such a MhSSZL ™, nfBmd ,0 88 v cW or 're- 
two bknsubstances. The complete Z^ltZ", k 6nSUre8 00 "*- -I""** * the 
above-mentioned ovalbumin and a^Z^^nT^^*™** * a mWure * 
ances was more than 90%. y™<ryps.nogen A solutmns. The recovery of each of these bio-subst- 

length, and the column was employed to condud ZZlZZS? I T diameter and 19 «• *• 
sinogen AurK^theaamocondi^asm^Sato^^ ? ^ ° f 0Va,bumin and ^vnotryp- 
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chromatographic analysis of ovalbumin and a-chymotrypsinogen A under the same conditions as mentioned 
above. The chromatogram showed that the elution volume of each of these bio-eubstances was substantially 
the same as that obtained prior to the passing of the 0.01 N aqueous NaOH solution. Their recoveries also did 
not change, and were determined to be more than 90% each. The anion exchanger was taken out from the 

5 column, and subjected to the measurements of the hydroxy) group content and the ion exchange group content. 
The values of hydroxyl group content and ion exchange group content remained substantially the same as those 
obtained prior to the passing of the NaOH solution. This substantiates that the anion exchanger according to 
the present Invention is extremely stable In an alkaline solution. 

In particular, as the pump for feeding the mobile phase, use was mode of "Hitachi 638-30" (model number 

w of a pump manufactured and sold by Hitachi Ltd., Japan). As the detector, use was mode of "Uvidec 100-N" 
(trade name of a detector manufactured and sold by Japan Spectroscopic Co., Ltd., Japan). The detection 
wavelength was 280 nm. 

Example 2 

15 

An anion exchanger having a tertiary amino group as the anion exchange group was prepared in substan- 
tially the same manner as in Example 1 except that the amount of epichlorohydrin was changed to 90 ml. The 
resulting anion exchanger had an anion exchange group content of 1.02 meq/g of the dry anion exchanger, a 
hydroxyl group content of 4.6 meq/g of the dry anion exchanger, a water regain value of 2.1 g/g of the dry anion 
20 exchanger and a specific surface area of 72 ntf/g of the dry anion exchanger. 

Examples 3 and 4 

Saponified copolymers each having an epoxy group bonded thereto were prepared in substantially the 
25 same manner as in Example 1 . The so-prepared copolymers were each reacted with ethylamine and ammonia 
under the reaction conditions as shown in Table 1, thereby obtaining anion exchangers having properties as 
indicated In Table 1. 

Each of the above-obtained anion exchangers was packed in a stainless steel column of 7.5 mm in inside 
diameter and 10 cm in length, and used to conduct chromatographic analysts of ovalbumin and a-chymotryp- 
$o sinogen A under substantially the same conditions as in Example 1. The elution volumes of ovalbumin and a- 
chymotrypsinogen A were as shown in Table 1. 

From the results shown in Table 1, it Is understood that ovalbumin and a-chymotrypsinogen A could be 
effectively separated. 

On the other hand, in the same manner as In Example 1, a 0.01 N aqueous NaOH solution was passed 
35 through each of the columns packed with the above-obtained anion exchangers. After the passing of the 
aqueous NaOH solution, ovalbumin and a-chymotrypsinogen A were reanalyzed under the same conditions 
as In Example 1. The chromatogram showed that the elution volume of each of the bio-substances was sub- 
stantially the same as that obtained prior to the passing of the 0.01 N aqueous NaOH solution. Each anion 
exchanger was then taken out from the column, and subjected to the measurements of the hydroxyl group con- 
40 tent and the ion exchange group content The values of hydroxyl group content and ion exchange group content 
remained substantially the same as those obtained prior to the passing of the NaOH solution. 
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acetone and 30 ml of methyl iodide. The mixture was allowed to react at 40°C for 20 hours while stirring , thereby 
obtaining an anion exchanger having a quaternary ammonium salt group. The thus obtained anion exchanger 
had an anion exchange group content of 0.5 meq/g of the dry anion exchanger, a hydroxy! group content of 
4.9 meq/g of the dry anion exchanger, a water regain value of 1 .9 g/g of the dry anion exchanger and a specific 
5 surface area of 70 nrftg of the dry anion exchanger. 

Example 6 

A homogeneous liquid consisting of 100 g of vinyl acetate, 32.2 g of triallyl isocyanurate, 40 g of n-butyl 
10 acetate and 3.3 g of 2,2'-azobisisobutyronitrile was suspension polymerized and subjected to saponification 
reaction in substantially the same manner as in Example 1. 30 g of the obtained dry granular copolymer was 
reacted with epichlorohydrin in substantially the same manner as in Example 1 . The reaction product was put 
in a three-necked flask having a capacity of 1000 ml and equipped with a reflux condenser, a nitrogen Inlet 
tube and a stirrer and, to the product, 400 ml of a 10% by weight aqueous diethyl amine solution was added. 
15 While stirring, the mixture was allowed to react at 60°C for 5 hours. The granular product was filtered off, 
washed with water and subjected to classification to obtain an anion exchanger having an average grain diame- 
ter of 1 0.1 microns. The obtained anion exchanger had an anion exchange group content of 0. 1 meq/g of the 
dry exchanger, a water regain value of 1 .2 g/g of the dry exchanger and a specific surface area of 1 5 rr^/g of 
the dry exchanger. The hydroxy! group content of the dry anion exchanger was 9.0 meq/g. 

20 

Example 7 

A homogeneous liquid mixture consisting of 100 g of vinyl acetate, 41.4 g of triallyl isocyanurate, 74 g of 
n-butyl acetate, 25 g of decane and 3.4 g of 2,2'-azobisisobutyronitrile was suspension polymerized and sub- 
25 jected to saponification reaction in substantially the same manner as in Example 1 . 30 g of the obtained granular 
copolymer, together with 2.1 g of succinic anhydride, was added to 300 ml of pyridine, and heated while stirring 
at 60°C for 1 6 hours to obtain a cation exchanger having carboxyt groups. The obtained cation exchanger had 
a cation exchange group content of 0.13 meq/g of the dry exchanger, a hydroxyl group content of 5.5 meq/g 
of the dry exchanger, a water regain value of 1 .59 g/g of the dry exchanger and a specific surface area of 87 
30 m2/g of the dry exchanger. 

The thus obtained cation exchanger (designated a in Table 2) was packed in a stainless steel column of 
7.5 mm in inside diameter and 25 cm in length. Using the column, standard protein samples were subjected 
to chromatographic analysis which was conducted under the following conditions: 

Mobile phase: Aqueous solution (pH 7.0) containing 0.1 M sodium phosphate and 0.3 M sodium chloride, 
35 Flow rate of mobile phase: 1 ml/min. 

Volume of sample: 100 pi, and 
Column temperature: 30°C. 
For the purpose of comparison, a column containing a copolymer (designated b in Table 2) to which carboxyl 
incorporation reaction was not effected was also tested. As Is apparent from the results shown in Table 2, when 
40 the above-obtained exchanger (a) was used, the elution volume of human serum albumin increased and the 
recovery of immunoglobulin was high, as compared with those when the copolymer (b) was used. These values 
remained almost unchanged even after the passing of a 0.01 N aqueous NaOH solution through the column 
at a flow rate of 1.0 ml/min at 30°C for 16 hours. 

45 
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TABLE 2 
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^s. Gel 
Human 

serum protein \v 


a 


b 


Elutlon 
volume 
Iml) 


Recovery 
(%) 


Elution 
volume 
(ml) 


Recovery 
(%) 


J Immunoglobulin M 


4.31 


85 


4.25 


65 


Haptoglobin 


5.25 


100 


5.20 


93 


Immunoglobulin G 


6.00 


91 


5.95 


96 


Transferrin 


6.31 


97 


6.20 


94 


Albumin 


10.44 J 


86 


8.00 


91 
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Example 9 

A homogeneous liquid mixture consisting of 100 g of vinvl acetate wo rtAf ^„ . 
n-butyl acetate and 3.3 g of 2 2'-azoblsisobuhJn mL Jl ? 9 8,,y lsocvanurate . 40 g of 

a water regain value of 1.02 g/g of the Ty an ^~" ^ - ^ eXChan96r ted 

40 Example 10 

A homogeneous liquid mixture consisting of 100 a of vinvl acetate in. „ f , 
n-butyl acetate and 3.4 a of 2 2'-azobi S feoh.* u «Ji«i ' 9 0f tna " y ' kocyanurate, 70 g of 

fioationreactioninsubstantol^ 
« having hydroxyl groups ^ M 30 9 ofthoob '«'"«J dry granular copolymer 

and 20 ml of a 30% by wefeht aqueous SS.m ^^ZZ^^'^^T**™ 
heated at 30°C for 20 hours write ««rrinn tk<* , , ^ pur ,n me flask » and the mixture was 
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Flow rate of mobile phase: 1.5 ml/min 
Volume of sample: 100 uJ, and 
Column temperature: 30°C 

The chromatogram showed that the elution volumes of myoglobin and a-chymotrypsinogen A were respectively 
5 3.2 ml and 15.1 ml. Hence, they could be completely separated. 

For the purpose of comparison, the above-mentioned saponified copolymer to which the cation exchange 
group was not yet bonded was packed in a stainless steel column with the above-mentioned size. The column 
was employed to conduct chromatographic analysis of myoglobin and a-chymotrypsinogen A under the same 
conditions as mentioned above. The chromatogram showed that the elution volumes of myoglobin and a- 

10 chymotrypsinogen A were respectively 3.3 ml and 2.8 ml. Due to such a closeness in elution volume, these 
bio-substances could not be separated effectively. 

Next, a 0.01 N aqueous sodium hydroxide solution was passed through the above-mentioned column pack- 
ed with the cation exchanger at a flow rate of 1 ml/min at 30°C for 16 hours. The column was then employed 
to conduct chromatographic analysis of myoglobin and a-chymotrypsinogen A under the same conditions as 

15 mentioned above. The chromatogram showed that the elution volume of each of these bio-substances was sub- 
stantially the same as that obtained prior to the passing of the 0.01 N aqueous NaOH solution. Their recoveries 
also did not change, and were determined to be more than 90% each. The cation exchanger was taken out 
from the column, and subjected to the measurements of the hydroxy! group content and the cation exchange 
group content The values of hydroxy! group content and cation exchanger group content remained substan- 

20 tially the same as those obtained prior to the passing of the NaOH solution. This substantiates that the cation 
exchanger according to the present invention is extremely stable in an alkaline solution. 

In this Example, Hitachi 638 (model number of a pump manufactured and sold by Hitachi, Ltd., Japan) was 
used as the pump for feeding the mobBe phase liquid. Uvidec 100-N (tradename of a detector manufactured 
and sold by Japan Spectroscopic Co., Ltd., Japan) was used as the detector, in which the detection wavelength 

25 employed was 280 nm. 

Example 11 

In substantially the same manner as described in Example 10, a cation exchanger having sulfonic groups 
30 was prepared except that instead of 5 g of 1 ,3-propanesultone and 20 ml of a 30% by weight aqueous sodium 
hydroxide solution, 15 g of propanesultone and 60 ml of a 30% by weight aqueous sodium hydroxide solution 
were respectively used. The obtained cation exchanger had a cation exchange group content of 1.35 meq/g 
of the dry exchanger, a water regain value of 1 .3 g/g of the dry exchanger and a specific surface area of 91 
rrtf/g of the dry exchanger. The hydroxy! group content of the dry cation exchanger was 4.5 meq/g. 

35 

Example 12 

A homogeneous liquid mixture consisting of 100 g of vinyl acetate, 32.2 g of trially isocyanurate, 40 g of 
n-butyl acetate and 3.3 g of 2,2'-a2obisisosbAJtyronitrtle was suspension polymerized and subjected to saponi- 

40 f ication reaction in the same manner as in Example 1 . 30 g of the obtained dry granular copolymer was put in 
a three-necked flask having a capacity of 1000 ml and equipped with a reflux condenser, a nitrogen inlet tube 
and a stirrer. Further. 300 ml of dimethyl sulfoxide, 2 g of 1,3-propanesultone and 5 ml of a 30% by weight 
aqueous sodium hydroxide solution were put in the flask, and the mixture was heated at 30°C for 20 hours 
while stirring. The obtained granular product was filtered off, washed with water and subjected to classification 

45 to obtain a cation exchanger having an average grain diameter of 9. 1 microns. The obtained cation exchanger 
had a cation exchange group content of 0. 1 meq/g of the dry exchanger, a water regain value of 1 .2 g/g of the 
dry exchanger and a specific surface area of 1 2 m*/g of the dry exchanger. The hydroxy! group content of the 
dry cation exchanger was 9.0 meq/g. 

50 

Claims 

1, An ion exchanger suitable for use as a packing material for high-speed liquid chromatography, which 
comprises: 

55 a totally porous matrix of an organic synthetic crosslinked copolymer comprising a skeleton and func- 

tional groups bonded to said skeleton, said matrix having fine pores distributed throughout the matrix; said ion 
exchanger further comprising alcoholic hydroxyl groups and ion exchange groups bonded to said matrix, 
characterized in that the alcoholic hydroxy! groups are bonded directly to said skeleton; the content of said hyd- 
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20 



25 



35 



roxyl groups is in the range of 1.0 to 14.0 meq/g of the dry ion exchanger, and 

the ^SSZXr 6XChan9e *"» b "" W to 8aW * * *• -ge of 0.02 to 5.0 meq,g of 

average granule size of 3 to 20 m 9 ° f * y ,on exc "anger, and a weight 

^ZZ^J^l™ ^V-con^ses viny, expound m on 0m er 

repeal S^SSS^ * * ^ «— - atoms of 
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6. An ion exchange accordina to anv on* of riaimo •> V c L , , ' y ammon,um salt groups. 
(X) in the range saUsfW^ 2 * * Sa,d h *> * blinking index 

said crossiinking index (X) being defined by the formula 



in which 



nb 
a + nb 



7. An wn exchanger according to any one of Claims 2 to 6 wherein ..^ ',• . . 

units contains an isocyanurate ring or triazlne ring * * 88,(1 «•*•*■«• «™><>mer 

8. An ion exchanger according to any one of Claims 3 to 7 wherein the ****** ~r «. u 

contained in the vinyl alcohol monomer units is in the ran™ <* \ Si « ~ nte "' of the Mnwyl groups, 

Revendications 

- les gioupes hydroxyle alcooliques sont lies directement au squelette • la teneur en k 
droxyle est de I'ortre de 1,0 a 14,0 meq/g d e fechangeur d'ions sec ei 9 P * hy * 

g^d^Te^ 

au^r^^ 

sec et une dimension moyenne en poids des granules L 3 *££J ^ 9 * ' * ChanfleUr **" 
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2. Echangeur d'ions suivant la revendication 1, dans lequel le copolymere comprend- des motifs de mono- 
mere vinyiique et des motifs de monomere reticulable. 

3. Echangeur d'ions suivant la revendication 2, dans lequel les groupes hydroxyle sont lies a des atomes 
de carbone de motifs recurrents de formule -CH 2 -CH-. 

4. Echangeur d'ions suivant Tune quelconque des revendications 1 a 3, dans lequel les groupes d'echange 
d'ions sont au moins un element cholsi parmi les groupes d'echange de cations faiblement acides, les 
groupes d'echange d'anions faiblement basiques, les groupes d'echange de cations fortement acides, et 
les groupes d '6 change d'anions fortement basiques. 

5. Echangeur d'ions suivant Tune quelconque des revendications 1 a 4, dans lequel les groupes d'echange 
d'ions sont I'un au moins des elements choisis parmi les groupes carboxyle, les groupes phosphoriques, 
les groupes amino primaires, les groupes amino secondares, les groupes amino tertiaires, ies groupes 
sulfbnlques et les groupes de sels d'ammonium quaternaires. 

6. Echangeur d'ions suivant I'une quelconque des revendications 2 a 5, dans lequel la matrice a un indice 
de reticulation qui satisfait a I'inegalite 0,05 £X £ 0,4, 

cet indice de reticulation (X) etant def ini par la formule : 

X = nb 
a + nb 

dans laquelle 

a represente le rapport moiaire de tous les motifs de monomeres diminues des motifs de mono- 
meres reticulables a tous les motifs de monomeres constituant la matrice, 

b represente le rapport moiaire de tous les motifs de monomeres reticulables a tous les motifs de 
monomeres constituant la matrice, et 

n represente le nombre de groupes fonctionnels actifs dans I'extension de chaTne, qui sont contenus 
dans une molecule de monomere reticulable qui forme les motifs de monomeres reticulables apres poly- 
merisation. 

7. Echangeur d'ions suivant I'une quelconque des revendications 1 a 6, dans lequel chaque motif monomere 
reticulable contient un cycle isocyanurate ou un cycle triazine. 

8. Echangeur d'ions suivant I'une quelconque des revendications 3 a 7, dans lequel la teneur en les groupes 
hydroxyle contenus dans les motifs de monomere alcool vinyiique est de Tordre de 1,0 a 1,0 meq/g de 
I'echangeur d'ions sec. 

9. Echangeur d'ions suivant I'une quelconque des revendications 1 a 7, dans lequel la teneur en les groupes 
d'echange d'ions est de I'ordre de 0,05 a 2,0 meq/g de I'echangeur d'ions sec. 

10. Echangeur d'ions suivant I'une quelconque des revendications 1 a 9, dans lequel I'echangeur d'ions a un 
taux de reabsorption de I'eau de 0,5 a 3,0 g/g de I'echangeur d'ions sec 



Patentanspruche 

1. lonenaustauscher, der zur Verwendung als Packungsmaterial fOrdie Schnell-FlOssigkeitschromatogra- 
phie geeignet ist und umfaBt 

eine vollstfindig pordse Matrix aus einem organischen synthetischen vernetzten Copolymer, welches 
ein Gerust und an dieses Gerust gebundene funktionelle Gruppen enthalt, wobei die Matrix feine Poren auf- 
weist, die in der gesamten Matrix verteilt sind, der lonenaustauscher au&erdem an die Matrix gebundene al- 
koholische Hydroxytgruppen und lonenaustauschgruppen aufweist, dadurch gekennzeichnet, daft 

die alkoholischen Hydroxylgruppen direkt an das Gerust gebunden sind, der Gehalt dieser Hydroxyt- 
gruppen im Bereich von 1,0 bis 14,0 mAq/g, bezogen auf den trockenen lonenaustauscher, liegt; und 

der Gehalt der an die Matrix gebundenen lonenaustauschgruppen Im Bereich von 0,02 bis 5,0 mAq/g, 
bezogen auf den trockenen lonenaustauscher, liegt, und 

wobei der lonenaustauscher einen Wasser-ROckhaltewert von 0,5 bis 4,0 g/g, bezogen auf den trocke- 
nen lonenaustauscher, und eine spezifische Oberflache, gemessen nach der B.E.T.-Methode, von 5 bis 1000 
nr^/g, bezogen auf den trockenen lonenaustauscher, und ein Gewichtsmittel der Korngro&e von 3 bis 20 um 
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aufweist 



2. lonenaustauscher gemaB Anspruch 1 , worin das Copolymer Monomereinheiten einer Vinylverbindung 
und vernetzbare Monomereinheiten enthfilt 

3. lonenaustauscher gemafc Anspruch 2, worin die Hydroxylgruppen an Kohlenstoffatome von wiederkeh- 
renden Einheiten der Formel 

- CH 3 - CH - 

I 

gebunden sind. 

4 lonenaustauscher gemaB einem der Anspruche 1 bis 3, worin die lonenaustauschgruppen mindestens 
em Mrtghad aus der Klasse der schwach-sauren Kationenaustauschgruppen, derschwach-basischen Anione- 
naustauschgruppen. der stark sauren Kationenaustauschgruppen und der stark-basischen Anlonenau- 
15 stauschgruppen sind. 

5. lonenaustauscher gemaB einem der Ansprfiche 1 bis 4, worin die lonenaustauschgruppen mindestens 
ein Mitglied aus der aus Carboxylgruppen, Phosphorsauregruppen, primaren Aminogruppen, sekundaren Ami- 
nogruppen, terbaren Aminogruppen. SulfbnsSuregruppen und quaternaren Arnmoniumsalzgruppen bestehen- 
den Klasse sind. 

20 6 lonenaustaucher gemaB einem der Anspruche 2 bis 5, worin die Matrix einen Vernetzungs-lndex (X) in 
dem Berelch hat. welcher der Unglelchung 0,05 S X £ 0.4 genOgt wobel der Vernetzungslndex (X) durch die 
folgende Formel def inlert ist 

nb 



a + nb 

25 in der 



a diemolare Fraktion von Gesamtmonomereinheilen minus vernetzbare Monomereinheiten im Verhalt- 
nis zu den Gesamtmonomerelnheiten, welche die Matrix bilden, bedeutet, 

b dl * rnoiare Fraktion von vernetzbaren Monomereinheiten, im Verhaltnis zu den Gesamtmonomerein- 
heiten, welche die Matrix bilden, bedeutet und 

n die Anzahl von funkobnellen Gruppen darstellt, die bei der Kettenverlangerung wirksam sind welche 
in einem Molekul eines vernetzbaren Monomeren enthalten sind, welches bei der Polymerisation die vernetz- 
baren Monomereinheiten ausbiidet 

7. lonenaustauscher gemaft einem der Anspruche 2 bis 6, worin Jede dieser vernetzbaren Monomerein- 
heiten ernen Isocyanuratring oder Triazinring enthalt 

8 lonenaustauscher gemafc einem der Ansprflche 3 bis 7. worin der Gehalt an Hydroxylgruppen, die in 
den VlnylaJkohol-Monomereinheiten vorhanden sind, im Bereich von 1,0 bis 11,0 mAq/g, bezogen auf den 
trockenen lonenaustauscher, liegt 

9. lonenaustauscher gemfl^ 
im Bereich von 0,05 bis 2,0 mAq/g, bezogen auf den trockenen lonenaustauscher. liegt 

D . Ju 'l° nenaUStaUSCher 96mSR 6inem def ^P^ 0 " 6 1 b« 9, wobei der lonenaustauscher einen Wasser- 
Ruckhaltewert von 0,5 bis 3,0 g/g, bezogen auf den trockenen lonenaustauscher, hat 
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